Abstract
two steps of the reaction had significantly slower rates than the initial step (rates constants of 6.2 33 x 10 -3 min -1 , 1.2x10 -3 min -1 and approximately (due to limited data points) 1.6x10 -4 min -1 for the 34 first, second and third step respectively), which tie in with this mechanism, however it could also 35 indicate that the reaction is either product inhibited and/or affected by catalyst deactivation.
36
FTIR analysis of the post-reaction HAP revealed surface PO 4 3-group loss. Since there is good 4
Introduction

47
Mussel farming is a fast growing industry around the world (and especially in New Zealand 48 where this research is based), and the increase in the production of the mussels generates a HAP is widely used in bone regeneration and dental materials since it is the major inorganic photocatalysts (Mills, 2012) . Therefore it is the ideal compound to benchmark the degradation 103 using the novel HAP photocatalysts synthesised in this work.
104
Therefore the aim of this paper is to characterise the feasibility of using HAP synthesised from 105 mussel shells as a renewable photocatalyst for the remediation of a model dye wastewater. biodegradability of the reaction products however is not a focus of the current paper and will be 181 explored in future publications.
182
The pH of the reaction solution was taken before and after reaction (pH 330i from WTW,
183
Germany). The intensity of the UV lamp was measured using a UV probe (SUV 20.1A2Y2 from
184
IL Metronic Sensortechnik). UV intensity measurements were monitored periodically to ensure a 185 consistent intensity was maintained over the experimental period. 
191
Note that all reactions were repeated at least once and error bars the mean  one standard The SEM images shown in fragmented to reveal a layered structure common in mollusks. In Fig. 4b , it can be seen that the 255 edges were not well-defined. In Fig. 4d , it can be seen that there are some relief lines on the 256 particle surfaces resulting from the high temperature during calcination. For the pyrolysed shells, 257 the coarsening of particles can be observed as shown in Fig. 4b since the transformation of the raw shell to lime is between 93.6 to 99.5% as shown in Table 1 .
277
Similar findings were observed in the FTIR spectrum for the as-synthesised HAP as shown in was not detected for the heat treated HAP as shown by the XRD pattern in Fig. 5b From the EDS analysis, the Ca/P ratio for both samples were calculated and for the as-
319
synthesised HAP, the Ca/P ratio was 1.61 while for the heat treated sample the ratio was 1.66 320 which is very close to the stoichiometric HAP ratio of 1.67. 
331
The dark adsorption experiments shown in Fig. 8 show that adsorption to the HAP at the loading 332 used (methylene blue at 5 mg/L and heat treated HAP at 2.0 g/L) was negligible. This indicates 333 that adsorption is likely to be a minor methylene blue removal mechanism in this system 334 (assuming that adsorption properties do not change significantly in the presence of UV light). However, the key issue is -how good a photocatalyst is it?
When compared to another HAP, the shell-derived HAP appears to be a superior photocatalyst. The first order reaction rate constants for three first order kinetic regions are shown in Table 2 .
399
These show the trend expected from the methylene blue reaction mechanism: fast primary 400 degradation, slower secondary degradation, with the degradation of the recalcitrant intermediates 401 being the slowest reaction stage. However it also could indicate that the reaction is either product 402 inhibited and/or affected by catalyst deactivation -and so this was therefore investigated further.
403
Note that due to limited data in the final stages of the reaction, the authors are less confident on ) species which were generated due to the UV irradiation -the main species that would be 426 generated by indirect oxidation in a dry gas phase photooxidation. The formation of radicals on
427
HAP through UV irradiation in the gas phase is also reported in other papers from the same b) and as found in conventional semi-conductor photocatalysis (Hoffmann et al., 1995) .
437
However, if this is the case, then this mechanism cannot be used to explain the photocatalytic 
